In the variable cross-section continuous box girder bridge, due to the complex internal force influence surface of the load, the effect of the box beam geometry on restrained torsional stresses changes along the span of the bridge. Therefore, unified partial load coefficient should not be used over the whole bridge. Through the theoretical analysis and finite element computation based on a real bridge, this paper explores distribution laws of load coefficient along the spans in the variable cross-section pre-stressed concrete partial cable-stayed bridge with corrugated steel webs and proposes practical load coefficient to offer some recommendations for engineering design.
Introduction
CB Company firstly proposed the PC composite beam in 1975. After that, the PC composite beam has a wide development in Japan and other countries [1] . However, until now, there are few researches focused on the effect of eccentric load [2] [3] . So, the objective of this paper is to make a systematic research with the finite element analysis. By the load equivalent method, the effect of eccentric load p is divided into the following three variants [4] [5] (shown in the dashed box in Figure 1 ): bending under symmetric load, constrained torsion under torque, distortion under counter force.
The figure 1 shows that, under the eccentric force, the stress at any point on the cross section of the box girder can be divided into three parts: bending stress (symmetric load effect), restrained torsional stress (anti-symmetric load effect), warping and distortion stress (anti-symmetric load effect).
Under the eccentric force, because the empirical estimation method is not applicable to the type of bridge [6] [7] , the normal stress at a point of the box girder is calculated as the following equation:
The shear stress is calculated as the following equation:
Therefore, the eccentric load coefficient of the normal stress is defined as the following:
The eccentric load coefficient of the normal stress is defined as the following: 
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Chaoyang Bridge is 484.8m long, consisted of 58+118+188+108=472m. The superstructure is partial cable-stayed bridge with corrugated steel webs. P2 and P3 piers use double thin-walled solid Pier and are fixed with the main beam and the main tower. P1 pier uses solid thin-walled Pier and the pot bearing is set on the top of it. Number A4 base is bored pile foundation and the others are all spread foundation. The bridge plane is located in round curve with 3900m radius. The bridge span is designed by the bridge line. Piers are set in radial direction.
The main box beams are made up of C55 concrete, and the main tower is made up of C50 concrete. Base piles of P2, P3 Pier are made up of C30 concrete. The internal tendon is steel strand with high strength and low relaxation. Its standard value of axial tensile strength is 1860MPa, and the steel strand has the diameter for 15.2 mm, area for 139.0, and elasticity modulus for 1.95 MPa. The external tendon is steel strand with epoxy coating, high strength and low relaxation, and the standard value of axial tensile strength is 1860MPa. The thickness of corrugated steel is 12~ 24mm, and the type is 1600. General arrangement of the bridge is shown in Figure 2 .
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Figure 2 General arrangement
Structure analysis
This article adopts the finite element software ANSYS15.0 to build the whole bridge model to carry on the numerical simulation, as shown in Figure 3 . The concrete and concrete diaphragm plate is simulated by Solid45 entity unit, corrugated steel web is simulated by the Shell 181 units, cables and pre-stressed steel (including in vivo and in vitro) is simulated by Link8 bar units, and the main joist steel beam is simulated by Beam44 element. The amount of bridge units is 1167684.
Refer to the purpose of static load test of this bridge and assess regulations of the highway bridge bearing capacity (JTG/T J21-2011), the efficiency coefficient of static test load has the range:
In the equations, is the maximum value of internal force of control sections under the static test load. S' is the value of the most adverse effect of testing load, and for this bridge, the value is calculated under the bridge design load. is the impact coefficient.
is the efficiency coefficient of static test load. As shown in Figure 5 , along the longitudinal direction, there are 15 main control sections Z1 -Z15. And the arrangement of monitoring stations on each key section is shown in Figure 6 . Each section has 10 monitoring stations of eccentric load coefficient of normal stress D1 ~ D10, and 3 monitoring stations of eccentric load coefficient of shear stress D11, D12, D13. This paper takes two loading conditions to study eccentric load coefficient of partial cable-stayed bridge with corrugated steel webs, as shown in Figure 7 , loading symmetrical P / 2 (two) and eccentric load at Table 1 . From the table, the eccentric load coefficient of normal stress of section Z8 is 1.38, and the maximum value of monitoring points appears in D10, namely the intersect angle point between the abdominal board on the eccentric load side and floor. The calculation results are reasonable and consistent with related researches. The eccentric load coefficient of shear stress of section Z8 is 1.68, larger than the empirical eccentric load coefficient of shear stress under live load. It means that the corrugated steel webs have great effect on the empirical eccentric load coefficient of shear stress. The maximum value of monitoring points appears in D13, namely the midpoint of the abdominal board on the eccentric load side. The calculation results are reasonable and consistent with related researches. Compared with the section Z5, Z6, Z7, section Z8 is closer to the cross, and the effect of eccentric load on the cable-stayed bridge with low pylon is heavier. Therefore, it is necessary to appropriately enlarge cross-loaded coefficients in design to enhance the stability of the bridge. Figure 9 ). Figure 9 shows that the normal stress changes along the span of Figure 9 Distribution of eccentric load coefficient of normal stress and shear stress along the longitudinal direction the bridge, the effect of eccentric load on normal stress is more obvious. The average of eccentric load coefficient of normal stress is 1.25.
Conclusion
(1) Eccentric load coefficient of normal stress and shear stress of the cable-stayed bridge with low pylon with corrugated steel webs is not a constant along the longitudinal direction. Different sections have different coefficients, the largest in the across and decreasing on both sides. (2) Eccentric load coefficient of normal stress and shear stress of the cable-stayed bridge with low pylon with corrugated steel webs changes obviously in the mutation between the uniform section and non-uniform section, characterized by that the eccentric effect is significant in the location of the high beam. (3) The calculation results are reasonable and consistent with related researches. The normal stress changes along the span of the bridge, and the effect of eccentric load on normal stress is more obvious. It is necessary to appropriately enlarge cross-loaded coefficients in design to enhance the stability of the bridge. The distribution of eccentric load coefficient from the analysis can be used in some situation and can be a reference for the design and analysis of continuous girder bridge with variable cross-section.
